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(57) ABSTRACT 

Apparatus and methods to facilitate fixation of a fracture are 
disclosed. These apparatus include a bone plate for the fixa 
tion of a fractured bone having a plurality of fastener open 
ings so that the bone plate may be secured by a plurality of 
fasteners across a reduced fracture to fixate a reduced frac 
ture. The bone plate is configured to flex in situ to conform to 
the surface of the bone while providing sufficient stiffness in 
the plane of the device to resist forces and moments in the 
plane. Methods of use of the present invention include fas 
tening the bone plate to a first side of the fracture, flexing 
portions of the bone plate to bias against the bone Surface on 
the second side of the fracture, fastening the portions of the 
bone plate so biased to the second side of the fracture, thereby 
fixating the fracture by fastening the bone plate to the second 
side of the fracture. 

4 Claims, 9 Drawing Sheets 
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APPARATUS AND METHODS FOR BONE 
FRACTURE FXATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This present utility patent application is a divisional appli 
cation of, and incorporates by reference, U.S. patent applica 
tion Ser. No. 11/439,611, filed May 24, 2006, now abandoned 
which application in turn is a continuation-in-part application 
of U.S. patent application Ser. No. 10/293,732 filed on Nov. 
12, 2002, now U.S. Pat. No. 7,235,077, that, in turn, claims 
the priority and benefits of U.S. Provisional Application 
60/350,785 filed Nov. 9, 2001. The entireties of U.S. patent 
application Ser. No. 10/293,732 and of U.S. Provisional 
Application 60/350,785 are incorporated herein by reference. 
A co-pending application filed on the same date, U.S. patent 
application Ser. No. 1 1/439,601, entitled “APPARATUS 
AND METHODS FOR BONE FRACTURE REDUCTION 
AND FIXATION,” is also incorporated herein in its entirety 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to medical devices and, more 

particularly, to apparatus and methods for the reduction and 
fixation of fractures. 

2. Description of the Related Art 
When a fracture is repaired, the bone fragments are placed 

in appropriate alignment in an anatomically correct position 
(reduction). Following reduction of the fracture, the fracture 
is then fixated, meaning that the bone fragments are prevented 
from moving from the reduced placement during the healing 
process. Various apparatus such as bone plates, bone screws, 
and rods are used for fixation of bone fragments. Following 
fixation, the fracture is then allowed to heal. After the fracture 
has healed, the fixation apparatus may be removed or may be 
left permanently in the body. 

Bone plates, which are typically thin and have a plurality of 
fastener openings for fastening by various fasteners such as 
bone screws to the bone surface, are often used in cranial and 
maxillofacial Surgery. For example, the repair of mandibular 
fractures often involves reduction and fixation by various 
bone plate systems. The Surgeonholds the bone fragments in 
reduction and then applies a bone plate or bone plate system 
to the bone surface of the bone fragments to fixate the frac 
ture. Often one or more assistants must hold the bone frag 
ments in reduction while the surgeon fixates the fracture by 
fastening the bone plate or bone plate system. The bone plate 
may provide Sufficient structural Support across the fracture 
so that, when a bone plate or bone plate system is used to 
fixate a mandibular fracture, the patient may be able to resume 
Some normal eating requiring mastication following the Sur 
gery. 

Bones, especially in the maxillofacilial region, may have 
curved or irregular surfaces. The bone plate must be shaped to 
fit the bone in the region of the fracture prior to attachment. 
The shaping and fitting process, which generally involves 
trial and error, is often conducted in the operating theater by 
the Surgeons, and can be time consuming, thereby lengthen 
ing the time the patient spends under anesthesia. Sometimes, 
in order to reduce the patient’s time in Surgery, the Surgeon 
may shape the bone plate by bending the bone plate to con 
form to a cadaver specimen prior to conducting the Surgical 
procedure. The hope is that the shape of the bone in the 
cadaver specimen will approximate the shape of the corre 
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2 
sponding fractured bone in the patient, so that only minor 
adjustments to the shape of the bone plate will be required 
during Surgery and the duration of the Surgery will be less 
ened. This approach is not always satisfactory. 

Thus, it is seen that currently available apparatus for frac 
ture fixation have a variety of shortcomings. Therefore, a need 
exists for an apparatus that gives the Support to the fracture of 
a bone plate and that has the ability to fixate the range of 
fractures that may be fixated by a bone plate, while being 
readily conformable to an irregular or curved bone Surface. 

SUMMARY OF THE INVENTION 

Apparatus and methods in accordance with the present 
invention may resolve one or more of the needs and short 
comings discussed above and will provide additional 
improvements and advantages as will be recognized by those 
skilled in the art upon review of the present disclosure. 

This present invention provides an apparatus and methods 
for the fixation of a bone fracture. The apparatus according to 
the present invention includes a bone plate. The bone plate has 
a first surface, which may be placed distal to a bone surface 
and may be configured to be biased against the bone surface. 
The bone plate has a second Surface, which may be placed 
proximal to the bone surface. The second surface may be 
designed to be atraumatic to Surrounding tissues. A plurality 
of fastener openings may be disposed between the first Sur 
face and the second Surface so that the bone plate may be 
secured to the bone surface by a plurality of fasteners. A plane 
and a perpendicular to the plane may be defined by the bone 
plate plus a thickness. The thickness of the bone plate is 
defined as the distance between the first surface and the sec 
ond Surface along the perpendicular. The bone plate is con 
figured with thin regions to provide flexibility in the direction 
perpendicular to the plane so that the bone plate may flex 
generally perpendicular to conform to a bone surface while in 
situ. The bone plate is configured to have stiffness in the plane 
sufficient to fixate the fracture by maintaining the fracture in 
a state of repose. 
An apparatus according to the present invention may be 

used by securing the bone plate to a first fracture side. The 
method proceeds by flexing the bone plate in situ in the 
direction perpendicular to the plane Such that a first Surface is 
biased against a bone surface on a second fracture side. The 
fracture is fixated by securing the bone plate to the bone 
Surface on the second fracture side. 

Other features and advantages of the invention will become 
apparent from the following detailed description, and from 
the claims. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG.1 illustrates apartial perspective view of an exemplary 
embodiment of a V-shaped bone plate in accordance with the 
present inventions applied to a fracture of the mandibular 
bone; 

FIG. 2A illustrates a top view of an exemplary embodiment 
of a bone plate in accordance with the present inventions 
applied to a bone fracture; 

FIG. 2B illustrates a front view of an exemplary embodi 
ment of a bone plate inaccordance with the present inventions 
applied to a bone fracture; 

FIG. 3A illustrates a top view of a simplified schematic 
model of a bone plate in accordance with the present inven 
tions; 

FIG. 3B illustrates a front view of a simplified schematic 
model of a bone plate in accordance with the present inven 
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tions with the bone plate attached to the bone surface on a first 
fracture side and positioned above the bone surface on a 
second fracture side; 

FIG. 3C illustrates a front view of a simplified schematic 
model of a bone plate in accordance with the present inven 
tions with the bone plate flexed to conform to the bone surface 
at a fracture; 

FIG. 4A illustrates a top view of an exemplary embodiment 
of a bone plate in accordance with the present inventions; 

FIG. 4B illustrates a front view of an exemplary embodi 
ment of a bone plate in accordance with the present inven 
tions; 
FIG.5A illustrates a top view of an exemplary embodiment 

of a bone plate in accordance with the present inventions; 
FIG. 5B illustrates a front view of an exemplary embodi 

ment of a bone plate in accordance with the present inven 
tions; 

FIG. 6A illustrates a top view of an exemplary embodiment 
of a bone plate in accordance with the present inventions 
wherein the bone plate is configured as a V-shaped structure; 

FIG. 6B illustrates a front view of an exemplary embodi 
ment of a bone plate inaccordance with the present inventions 
wherein the bone plate is configured as a V-shaped structure; 

FIG. 7A illustrates a partial proximal perspective view of 
an exemplary embodiment of an apparatus in accordance with 
the present inventions wherein the bone plate is configured as 
a V-shaped structure having a channel, thick regions that 
Support reduction of a fracture, thin regions that provide 
flexibility, and an apron, and also showing a reduction wire, 
reduction wire mount, and fasteners; 

FIG. 7B illustrates a partial distal perspective view of an 
exemplary embodiment of an apparatus in accordance with 
the present inventions wherein the bone plate is configured as 
a V-shaped structure having a channel, thick regions that 
Support reduction of a fracture, thin regions that provide 
flexibility, and an apron, and also showing the reduction wire, 
reduction wire mount, and fasteners; 
FIG.7C illustrates a cross-sectional view of an exemplary 

embodiment of an apparatus in accordance with the present 
inventions wherein the bone plate is configured as a V-shaped 
structure having a channel, thick regions that Support reduc 
tion of a fracture, thin regions that provide flexibility, and an 
apron; 

FIG. 7D illustrates a partial proximal perspective view of 
an exemplary embodiment of an apparatus in accordance with 
the present inventions wherein the bone plate is configured as 
a V-shaped structure having a channel, thick regions that 
Support reduction of a fracture, thin regions that provide 
flexibility, and an apron; and, 

FIG. 7E illustrates a partial distal perspective view of an 
exemplary embodiment of an apparatus in accordance with 
the present inventions wherein the bone plate is configured as 
a V-shaped structure having a channel, thick regions that 
Support reduction of a fracture, thin regions that provide 
flexibility, and an apron. 

All Figures are illustrated for ease of explanation of the 
basic teachings of the present invention only; the extensions 
of the Figures with respect to number, position, relationship 
and dimensions of the parts to form the embodiment will be 
explained or will be within the skill of the art after the fol 
lowing description has been read and understood. Further, the 
exact dimensions and dimensional proportions to conform to 
specific force, weight, strength, flow and similar require 
ments will likewise be within the skill of the art after the 
following description has been read and understood. Where 
used in various Figures, the same numerals designate the 
same or similar parts. Furthermore, when the terms “top.” 
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4 
“bottom.” “right,” “left,” “forward,” “rear,” “first,” “second.” 
“inside.” “outside, and similar terms are used, the terms 
should be understood to reference only the structure shown in 
the Figures and utilized only to facilitate describing the illus 
trated embodiments. Similarly, when the terms “proximal.” 
“distal and similar positional terms are used, the terms 
should be understood to reference the structures shown in the 
Figures as they will typically be utilized by a physician or 
other user who is treating or examining a patient with an 
apparatus in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides an apparatus 20 for the 
fixation of a bone fracture 390 having a first fracture side 392 
and a second fracture side 394. The apparatus includes a bone 
plate 100 capable of being secured by a plurality of fasteners 
138 to a bone surface 400 through a plurality of fastener 
openings 142. The bone plate 100 is designed to span the bone 
fracture 390 and to flex in situ so that the bone plate 100 may 
be fastened to the bone surface 400 on the first fracture side 
392 and to the bone surface 400 on the second fracture side 
394 of fracture 390 while also providing sufficient stiffness to 
fixate the fracture 390 by maintaining the fracture 390 in a 
state of repose. 
The thickness h of the bone plate 100 varies over different 

regions of the bone plate 100 such that there are thick regions 
124 and thin regions 125. The thick regions 124 have greater 
stiffness in a direction perpendicular 199 to a plane 197 of the 
bone plate 100 than the thin regions 125. The thick regions 
124 of the bone plate 100 provide resistance to deflection to 
maintain fixation of a fracture 390 in the direction perpen 
dicular 199 to the plane 197 of the bone plate. The thin regions 
125 of the bone plate 100 allow the bone plate 100 to be 
compliant in the direction perpendicular 199 to the plane 197 
of the bone plate 100 so that the bone plate 100 may flex in 
conformance with Surface curvature and Surface irregularities 
of the bone surface 400. The thin regions 125 may be suffi 
ciently compliant so that the bone plate 100 may flex while 
positioned in situ. That is, a Surgeon may be able to flex the 
bone plate 100 in accordance with the present invention while 
the bone plate 100 is positioned on the bone surface 400 while 
being secured to the bone surface 400. Bending or shaping the 
bone plate 100 prior to placing the bone plate in situ may not 
be required. The bone plate 100 is further configured to have 
stiffness in the plane 197 to maintain fixation of the fracture 
by resisting forces in the plane and moments. The flexibility 
of the thin regions 125 of the bone plate 100 increases the ease 
of surgical attachment of the bone plate 100 to the bone 
Surface 400. 
The bone plate 100 may also be configured to function in 

conjunction with a reduction wire 136 and a reduction wire 
mount 140 to reduce and fixate the fracture 390. The reduc 
tion wire 136 may be a stainless steel wire or any wire or 
ligature suitable for reduction of the fracture 390. The reduc 
tion wire mount 140 may be, without limitation, a bone screw 
220, a pin, a post, a nail, or other fastener. The bone plate 100 
may include a channel 134 where the channel 134 is config 
ured to receive and slideably retain the reduction wire 136. 
The channel 136 may be a channel, groove, slot, or the like. 
The bone plate 100 and reduction wire mount 140 are fas 
tened to opposite sides of the fracture 390 and the reduction 
wire 136 is attached to the reduction wire mount 140 and 
received by the channel 134 to extend between the reduction 
wire mount 140 and the bone plate 100. The bone plate 100, 
channel 134, reduction wire mount 140, and reduction wire 
136 are configured so that placing the reduction wire 136 in 
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tension draws the bone plate 100 and the reduction wire 
mount 140 toward one another, thereby reducing the fracture 
390. Following reduction, the bone plate 100 may then be 
fastened to the bone surface 400 adjacent the fracture 390. 
The bone plate is biased against the bone surface 400 by 
flexing the bone plate 100 in direction perpendicular 199 to 
the plane 197 and secured to the bone surface 400 so as to 
fixate the fracture 390. 
Method of use of the apparatus 20 according to the present 

invention may include securing the bone plate 100 to the first 
fracture side 392, flexing the bone plate 100 in the direction 
perpendicular 199 to the plane 197 so that the bone plate 100 
is biased against the bone surface 400 on the second fracture 
side 394, and then fixating the fracture 390 by securing the 
bone plate 100 to the bone surface 400 on the second fracture 
side 394. 

Referring generally to the Figures, the apparatus 20 
according to the present invention includes a bone plate 100. 
The bone plate 100 defines a first surface 130 that is distal to 
the bone surface 400, and the bone plate 100 defines a second 
surface 132 that is proximal to the bone surface 400. The first 
surface 130 is configured to be received against the bone 
surface 400. The second surface 132 may be configured to be 
atraumatic, to receive tissue, and to maintain a low profile of 
the apparatus 20 over the bone surface 400. 
A plurality of fastener openings 142 are disposed between 

the first surface 130 and the second surface 132 so that the 
bone plate 100 may be secured by a plurality of fasteners 138 
to the bone surface 400 through the plurality of fastener 
openings 142. The fasteners 138 may be bone screws 220, 
nails, pins, adhesives, or other fasteners recognized by those 
skilled in the art. The fasteners 138 may be monocortical, 
bicortical, or combinations thereof. A variety of fasteners 138 
may be used in combination. It will be appreciated, however, 
that the fastener openings 142 would not be present if the 
bone plate 100 is designed to be secured in other ways such as 
by various adhesives. The fastener openings 142 may be 
countersunk 144 so that fasteners 138 are flush with the 
second surface 132 in order to maintain a low profile of the 
bone plate 100. The countersinks 144 may be eccentric and 
oriented to force the bone plate 100 to move parallel to the 
bone surface 400. 
A plane 197 may be defined by the first surface 130 of the 

bone plate 100. The plane 197 may be flat or may be curvi 
linear. The plane 197 has a first coordinate direction 201 and 
a second coordinate direction 203, which may define a rect 
angular or a curvilinear coordinate system. A perpendicular 
199 may be defined with respect to the plane 197. 
The geometric configuration of the bone plate 100 depends 

upon the nature of the fracture 390 that the bone plate 100 is 
designed to fixate, recognizing that the bone plate 100 must 
span the fracture 390, must conform to the bone surface 400, 
and must lend Sufficient structural Support to the bone Surface 
400 to maintain fracture 390 fixation. The geometric configu 
ration of the bone plate 100 generally in the plane 197 may be 
that of a polygon, Such as a rectangle, or may be other geo 
metric configurations such as a V-shape 165, an L-shape, or a 
U-shape. Bone plates 100 having a Y-shape, an H-shape, and 
irregular shapes in the plane 197 may also be constructed 
according to the present invention. Thus, it should be appre 
ciated that the shapes in the Figures and otherwise disclosed 
are merely exemplary and are not a limitation of the shape of 
the bone plate 100 that may be constructed according to the 
present invention. 
A thickness h may be defined as a distance between the first 

surface 130 and the second surface 132, the thickness h being 
measured generally parallel to the perpendicular 199. The 
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6 
general preference is to minimize the thickness h in order to 
minimize the protrusion of the bone plate 100 above the bone 
surface 400 to which the bone plate 100 is applied. The bone 
plate 100 may be of various thicknesses h, and different 
regions of the bone plate 100 may have different thicknesses 
h. Thick regions 124 have greater thickness h than thin 
regions 125. 

In a bone plate 100 according to the present invention, the 
thickness his arranged to reduce the stiffness of portions of 
the bone plate 100 in the direction perpendicular 199 to the 
plane 197 so that the bone plate 100 may flex in the direction 
perpendicular 199 to the plane 197 in order to conform to the 
shape of the bone surface 400. The bone plate 100 may flex in 
situ. The thick regions 124 of the bone plate 100 provide 
resistance to deflection to maintain fixation of a fracture 390 
in the direction perpendicular 199 to the plane 197 of the bone 
plate 100. The bone plate 100 is further configured to have 
sufficient stiffness in the plane 197 so as to fixate the fracture 
390 by resisting forces and moments in the plane 197 of the 
bone plate 100. Bone plates 100 having, for example, a 
V-shape, a Y-shape, or an H-shape have a plurality of arms 
232. Said arms 232 may be configured with thin regions 125 
and with thick regionsh so that each arm 232 may flex in the 
direction perpendicular 199 to the plane 197. In particular, the 
arms 232 may flex under the force imparted to the arms 232 by 
a surgeon when the bone plate 100 is in situ for attachment to 
the bone surface 400. The arms 232 may be flexed in situ so as 
to conform to the bone surface 400 and to be secured to the 
bone surface 400. 
An embodiment of an apparatus 20 according to the 

present invention is illustrated as applied to a fracture 390 of 
a mandibular bone 415 in FIG.1. The bone plate 100 is shown 
as a V-shaped structure 165 in FIG.1, with a first arm 178 and 
a second arm 188. The apex 194 of bone plate 100 is secured 
to a first fracture side 392 of a fracture 390 by a fastener 138 
in a fastener 138 in a fastener opening 142. The first arm 178 
may be flexed to conform to the shape of the mandibular bone 
415 and the second end 182 of the first arm 178 attached to a 
second fracture side 394. The second arm 188 may be flexed 
to conform to the shape of the mandibular bone 415 and the 
second arm 188 attached to the second fracture side 394. The 
first arm 178 and the secondarm 188 may flex under the force 
imparted to the first arm 178 and to the second arm 188 by a 
surgeon when the bone plate 100 is in situ. Attachment of the 
apex 194, the first arm 178 and the second arm 188 fixates the 
fracture 390 by maintaining the bone fragments in a state of 
repose. 

Although a fracture of the mandibular bone 415 is shown in 
FIG.1, it should be understood that an apparatus 20 according 
to the present invention may be used to reduce and fixate a 
variety of fractures including a variety of fractures of the 
various cranial-maxillofacial bones. 
An embodiment of the apparatus 20 according to the 

present invention is illustrated as applied to a curved bone 
Surface 400 to fixate a fracture 390 in FIGS 2A and 2B. The 
apparatus 20 includes a bone plate 100. The bone plate 100 is 
designed to span a bone fracture Surface 400 on a second side 
394 of fracture 390 to fixate fracture 390. An apparatus 20 
according to the present invention may be used to reduce and 
fixate a variety of fractures including a variety of fractures of 
the various cranial-maxillofacial bones including the man 
dible. In FIGS. 2A and 2B, the bone plate 100 is illustrated as 
a generally rectangular structure having a thick region 124 
and a thin region 125. The bone plate 100, as illustrated, is 
fastened to a first fracture side 392 by a fastener 138 passing 
through the thick region 124. The stiffness of the thin region 
125 of the bone plate 100 allows the bone plate 100 to flex in 
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situ in conformance to the shape of the bone surface 400 so 
that the bone plate 100 may be attached to a second fracture 
side 394 of a fracture 390 by a fastener 138. 
A simplified schematic model of a bone plate 100 is pre 

sented in FIGS. 3A-3C. In FIGS. 3A-3C, the bone plate 100 
is illustrated as an arm 232 with a first end 234 and a second 
end 236. The bone plate 100 has a rectangular shaped thin 
region 125 of length L extending across the width w of arm 
232. The thickness h of the thin region 125 is smaller than the 
thickness h of the thick regions 124. The thick regions 124 are 
illustrated as having generally equal thicknessesh, but this is 
not necessary. The first end 234 is illustrated, in FIG. 3B, as 
secured to the bone surface 400 by a fastener 138. The second 
end 236 of the arm 232 may be modeled as a cantilever. The 
arm 232 may deflect an amount 8 in order to conform to the 
bone surface 400 so that the second end 236 may be secured 
to the bone surface by a fastener 138, as illustrated in FIG.3C. 
The deflection 8 of the arm 232 under a force F can be given 
by: 

4FL 1 (1) 
d = = -F 

whE K 

where F is the force applied to the second end 236 of the arm 
232, w is the width of the arm 232, his the thickness of the arm 
232, L is the length of the arm 232, E is the Young's modulus 
of elasticity of the material of the arm 232, and K is the 
stiffness of the arm 232. Some typical values for the Young's 
modulus for materials commonly used in bone plates 100 
including the arm 232 are given in Table I. 

TABLE I 

Material E (Young's Modulus) 

titanium 1.05 x 10 Pa to 1.20 x 10 Pa 
1.90 x 10 Pa to 2.10 x 10' Pa 
1.93 x 10' Pa 

steel 
304 stainless steel 

A conventional bone plate configured as an arm 232 may 
have a constant thickness of 1.5 mm throughout its length L 
including the first end 234 and the second end 236. The 
embodiment according to the present invention illustrated in 
FIGS. 3A-3C may have a thickness of 0.20 mm in the thin 
region 125. Applying equation 1 and assuming that both 
devices have the same length L. same width w, and are made 
from the same material, the ratio of the stiffness K of the 
conventional bone plate to the stiffness K of the embodiment 
of the present invention illustrated in FIGS. 3A-3C in the 
direction perpendicular 199 to the plane 197 is: 

(2) = 422 

A bone plate 100 configured as an arm 232 according to the 
present invention may have a thin region 125 with a thickness 
h in the range 0.2 mmshs 1 mm. Conventional bone plates 
100 may typically have a length L in the range 6 mmsLs 15 
mm and a constant thickness h in the range 1.5 mmshs2 mm 
throughout. 

For example, assuming elastic deformation, an arm 232 
according to the present invention made from 304 stainless 
steel and with L=6 mm, w=2.25 mm and h-0.2 mm in thin 
region 125 may deflect 1 mm under a force Fs.4 N. When a 
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8 
portion of the bone plate 100 has been secured to the bone 
surface, the surgeon may be able to exerta force F-4N to flex 
the bone plate 100 in situ so that other portions of the bone 
plate 100 may be secured to the bone surface 400. 
By contrast, a conventional bone plate with L-6 mm, 

w=2.25 mm, and h=1.5 mm would require a force F-1688 N 
to deflect 1 mm. A force Fs 1688 N could not readily be 
exerted by the Surgeon when the conventional bone plate is in 
situ. 

Another embodiment of apparatus 20 according to the 
present invention is illustrated in FIGS. 4A and 4B. In the 
embodiment of FIGS. 4A and 4B, the second surface 132 is 
generally regular and flat. The first surface 130 is configured 
such that the bone plate 100 has thick regions 124 and a thin 
region 125. The thin region 125 has a rectangular shape with 
length L and extends at constant thickness hacross the width 
w of the bone plate 100. The thin region 125 does not neces 
sarily have to assume a rectangular shape nor does the thin 
region 125 necessarily extend across the width w of the bone 
plate 100. The thin region 125 reduces the stiffness of the 
bone plate 100 in the perpendicular 199 so that the bone plate 
100 may flex in the perpendicular 199 in situ to be securable, 
while providing Sufficient structural Support to resist forces in 
the plane 197 and also rotation of the plane 197 of the bone 
plate 100. 
An alternative embodiment of the apparatus 20 according 

to the present invention is illustrated in FIGS.5A and 5B. In 
the embodiment of FIGS.5A and 5B, the first surface 130, 
which may be generally biased against the bone surface 400, 
is generally regular and flat. The second Surface 132 is con 
figured such that the bone plate 100 has thick regions 124 and 
a thin region 125. The thin region 125 has a rectangular shape 
with length Land the thin region 125 extends across the width 
w of the bone plate 100. Again, the thin region 125 reduces the 
stiffness of the bone plate 100 in the perpendicular 199 so that 
the bone plate 100 may flex in the perpendicular 199 in situ 
while providing Sufficient structural Support to resist forces in 
the plane 197 and also rotation of the plane 197 of the bone 
plate 100. 

Another embodiment of an apparatus 20 according to the 
present invention is illustrated in the top view of FIG. 6A and 
the front view of FIG. 6B. In this embodiment, the bone plate 
100 has a generally V-shaped structure 165 with a first arm 
178 and a second arm 188. The first arm 178 and the second 
arm 188 may be approximately the same length, as illustrated, 
or the first arm 178 and the second arm 188 may be of 
different lengths. The first arm 178 has a first end 180 and a 
second end 182, and the second arm 188 has a first end 190 
and a second end 192. The bone plate 100 is formed by 
securing the first end 180 of the first arm 178 to the first end 
190 of the second arm 188 thereby forming an apex 194. The 
first arm 178 has a centerline 184 and the second arm has a 
centerline 185. The centerline 184 of the first arm 178 inter 
sects the centerline 185 of the secondarm 188 so that an angle 
196 may be defined between the centerline 184 of the first arm 
178 and the centerline 185 of the second arm 188. The distal 
surface 130 and the proximal surface 132 are shown in the 
illustration. 
The first arm 178 and the secondarm 188 may be generally 

configured to have varying thickness h with respect to the 
perpendicular 199. In the embodiment illustrated in FIGS.6A 
and 6B, the bone plate 100 has a thick region 124 generally 
proximate the apex 194. The bone plate 100, as illustrated, has 
a thin region 125 generally along the second arm 188 and a 
thick region generally proximate the second end 192. The thin 
region 125 has a rectangular shape with length L and extends 
across the width w of the second arm 188. In this embodi 
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ment, a thin region 125 with length Land extending across the 
width w of the first arm 178 is also generally disposed along 
the first arm 178 and a thick region generally proximate the 
second end 182. The first arm 178 and the second arm 188 
may be of equal or varying lengths, and the thin region 125 in 
the first arm 178 may be configured to be either similar to or 
different from the thin region 125 in the secondarm 188. Even 
if the first arm 178 and the second arm 188 have substantially 
the same lengths, the length L of a thin region 125 in the first 
arm 178 may be different from the length L of a thin region 
125 in the second arm 188. 
The thin regions 125 in the first arm 178 and in the second 

arm 188, in the illustrated embodiment, allow the second end 
182 of the first arm 178 and the Second end 192 of the second 
arm 188 to flex in situ in the direction perpendicular 199 to the 
plane 197. Thus, the apex 194 may be secured to a bone 
surface 400 and the second end 182 of the first arm 178 may 
be flexed in the perpendicular 199 to the plane 197 such that 
the second end 182 is biased against the bone surface 400 so 
that the second end 182 may be secured to the bone surface 
400. The second end 192 of the second arm 188 may also be 
flexed in the perpendicular 199 to the plane 197 such that the 
second end 192 is biased against the bone surface 400 so that 
the second end 192 may be secured to the bone surface 400. 

The bone plate 100, as illustrated in FIGS. 6A and 6B, may 
act like an element of a truss in plane 197 so as to resist forces 
in the plane 197 and resist rotation of the plane 197 of the bone 
plate 100. Angles 196 of for example, 45° and 60° are typical 
for a truss. Examples of stresses in the plane 197 that must be 
resisted by bone plate 100 would include stresses produced by 
chewing when the bone plate 100 is fastened to a fractured 
mandibular bone 415. Further discussion of the stresses may 
be found in M. B. Trabia, K. G. Zobotkin, and R. C. Wang, 
Design of a V-Plate Wire Mandibular Fixation System, Proc. 
2001 ASME Intl Mech. Eng. Congress, Nov. 11-16, 2001, 
New York, N.Y., which is hereby incorporated in its entirety 
by reference. 

In the embodiment illustrated by FIGS. 7A-7E, fastener 
opening 142 are located at the apex 194 and at the second end 
182 of the first arm 178 and at the second end 192 of the 
second arm 188 so that the bone plate 100 may be secured to 
the bone surface 400 by three fasteners 138. The fastener 
openings 142, as illustrated in this embodiment, are counter 
sunk 144 in order to maintain a low profile of the bone plate 
100 when installed. The bone plate 100 having a V-shaped 
structure 165 may be variously configured with any suitable 
number of fastener openings 142 so that any Suitable number 
of fasteners 138 may be used to fasten the bone plate 100 to 
the bone surface 400. Additionally, the embodiment shown in 
FIGS. 7A-7E features an apron 152 located proximate the 
apex 194. The apron 152 is designed to be received under a 
fastener 138 and to be held by the fastener 138 when the 
fastener 138 is tightened to engage the apron 152. 
The thickness h varies over different regions of the bone 

plate 100 having a V-shaped structure 165, as illustrated in 
FIGS. 7A-7E, such that there are thick regions 124 and thin 
regions 125. The thick regions 124 have greater stiffness in 
the direction perpendicular 199 to the plane 197 of the bone 
plate 100 than the thin regions 125. The thick regions 124 of 
the bone plate 100 provide resistance to deflection to maintain 
fixation of a fracture 390 in the direction perpendicular 199 to 
the plane 197 of the bone plate. The thin regions 125 of the 
bone plate 100 are generally disposed along the first arm 178 
and the secondarm 188 across the width w of the first arm 178 
and the second arm 188 so that the first arm 178 and the 
second arm 188 are compliant in the direction perpendicular 
199 to the plane 197 of the bone plate 100. This allows the first 
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10 
arm 178 and the second arm 188 to flex in situ to surface 
curvature and surface irregularities of the bone surface 400. 
The in situ flexibility of the thin regions 125 of the first arm 
178 and the second arm 188 in the illustrated embodiment 
increases the ease of surgical attachment of the bone plate 100 
to the bone surface 400. 

In the embodiment illustrated in FIGS. 7A-7E, the bone 
plate 100 has a thick region 124 generally proximate the apex 
194. The bone plate 100, as illustrated, has a thin region 125 
generally disposed along the first arm 178 and a thick region 
generally proximate the second end 182. Note that the thin 
regions 125 are not rectangular but do extend across the width 
w of the first arm 178 and the secondarm 188. In the embodi 
ment of FIGS. 7A-7E, a thin region 125 is also generally 
disposed along the second arm 188 and a thick region gener 
ally proximate the second end 192. The thickness h of the thin 
region 125 could vary across the width w to have, for 
example, a greater thickness halong the centerline 184, 185 
than adjacent the peripheral surface 131. The thickness h 
could also vary along the length L of the thin region 125. 
The thin regions 125 in the first arm 178 and in the second 

arm 188, in the illustrated embodiment, allow the second end 
182 of the first arm 178 and the Second end 192 of the second 
arm 188 to flex in the direction perpendicular 199 to the plane 
197 in situ. Thus, the apex 194 may be secured to a bone 
surface 400 and the second end 182 of the first arm 178 may 
be flexed in the direction perpendicular 199 to the plane 197 
such that the second end 182 is biased against the bone sur 
face 400 so that the second end 182 may be secured to the 
bone surface 400. The second end 192 of the secondarm 188 
may also be flexed in the perpendicular direction 199 to the 
plane 197 such that the second end 192 is biased against the 
bone surface 400 so that the second end 192 may be secured 
to the bone surface 400. 
The embodiment illustrated in FIGS. 7A-7E may be used 

in conjunction with a reduction wire 136 and a reduction wire 
mount 140 to reduce and fixate a fracture 390. The reduction 
wire 136 may be a stainless steel wire or any wire or ligature 
suitable for reduction of the fracture 390. The reduction wire 
mount 140 may be, for example, a bone screw 220, a pin, a 
post, a nail, or other fastener known to those skilled in the art. 
The embodiment of the bone plate 100 illustrated in FIGS. 

7A-7E includes a channel 134 wherein the channel 134 is 
configured to receive and slideably retain the reduction wire 
136. The channel 136 may be a channel, groove, slot, or the 
like. The bone plate 100, channel 134, reduction wire mount 
140, and reduction wire 136 are configured so that placing the 
reduction wire 136 in tension draws the bone plate 100 and 
the reduction wire mount 140 toward one another when the 
bone plate 100 and reduction wire mount 140 are fastened to 
opposite sides of the fracture 390 and the reduction wire 136 
is attached to the reduction wire mount 140 and received by 
the channel 134 so as to extend between the reduction wire 
mount 140 and the bone plate 100. Thus, placing the reduc 
tion wire 136 in tension draws the first fracture side 392 and 
the second fracture side 394 together, thereby reducing the 
fracture 390. Following reduction, the bone plate 100 may 
then be fastened to both sides of the fracture so as to fixate the 
fracture. 
The channel 134, in the embodiment illustrated in FIGS. 

7A-7E, is configured into a portion of a peripheral surface 131 
of thick regions 124 of the bone plate 100 generally proximate 
the apex 194. The channel 134 is illustrated as having a first 
channel side 158, a second channel side 160, and a channel 
bottom 162. The first channel side 158 is distal and the second 
channel side 160 is proximal. The first channel side 158 and 
the second channel side 160 serve to retain the reduction wire 
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136 in the channel 134. The channel bottom 162, as illustrated 
in FIGS. 7A-7E, is curved to bias against the reduction wire 
136 to retain the reduction wire 136, while allowing the 
reduction wire 136 to slide within the channel 134 along the 
curved channel bottom 162. The reduction wire 136 slides 
within the channel 134 when a Surgeon applies tension to the 
reduction wire 136, which allows the bone plate 100 and the 
reduction wire mount 140 to move toward one another so as to 
bring the fracture 390 into reduction. 

The thick region 124 of the bone plate 100 having a 
V-shaped structure 165, as illustrated in FIGS. 7A-7E, gen 
erally proximate the apex 194 should engage the bone on both 
the first fracture side 392 and the second fracture side 394. 
This thick region 124 of the bone plate 100, as illustrated in 
FIGS. 7A-7E, should be sized to have the stiffness necessary 
to reduce the fracture 390 in the direction perpendicular 199 
to the bone plate 100. 

The embodiment of the bone plate 100 illustrated in FIGS. 
7A-7E may be fastened to the bone surface 400 on a first 
fracture side 392 of the fracture 390. The bone plate 100 is 
positioned such that the bone plate 100 will span the fracture 
390 in order to be fastened to the second fracture side 394 
upon reduction of the fracture 390. The first fracture side 392 
for placement of the bone plate 140 and the second fracture 
side 394 for placement of the reduction wire mount 140 are 
chosen such that the second fracture side 394 is compressed 
against the first side 130 of the bone plate 100 when the bone 
plate 100 is fastened to the bone surface 400 on the first 
fracture side 392 so that fastening the bone plate 100 to the 
bone surface 400 on the first fractureside 392 serves to reduce 
the fracture 390 in the direction perpendicular 199 to the bone 
plate 100. For example, when the apparatus 20 is used to treat 
a mandibular fracture, the bone plate 100 is fastened to the 
buccal-labial (cheek or lip) bone surface 400 of the mandibu 
lar bone 415. The side of the fracture 390 having the greater 
lingual (tongue side) displacement is designated as the first 
fracture side 392, and the bone plate 100 is fastened to the first 
fracture side 392. Fastening the bone plate 100 to the first 
fracture side 392 then forces the second fracture side 394 in 
the labial direction thereby reducing the buccal-lingual dis 
placement of the fracture 390. 
A method of use of the apparatus 20 according to the 

present inventions may begin by securing the bone plate 100 
to the first fracture side 392, then, with the bone plate now in 
situ, flexing the bone plate 100 in the direction perpendicular 
199 to the plane 197 such that the first surface 130 is biased 
against the bone surface 400 on the second fracture side 394, 
and finally, securing the bone plate 100 to the bone surface on 
the second fracture side 394. 

Embodiments of bone plate 100 having a V-shaped struc 
ture 165 may be used by securing apex 194 to a bone surface 
400 on the first fracture side and positioning and orienting the 
bone plate 100 such that the first arm 178 and the second arm 
188 span the fracture 390. The method may continue by 
flexing the first arm 178 in the direction perpendicular 199 to 
the plane 197 such that the second end 182 is biased against 
the bone surface 400, and then securing the second end 182 to 
the bone surface 400. The next step may be flexing the second 
end 192 of the second arm 188 in the perpendicular direction 
199 to the plane 197 such that the second end 192 is biased 
against the bone Surface 400, and then securing the second 
end 192 to the bone Surface 400. 
An embodiment of the apparatus 20 having an apron 152 

and a channel 134 for receiving a reduction wire 136 in order 
to work in conjunction with a reduction wire 136 and reduc 
tion wire mount 140, as shown, for example, in FIGS. 7A-7E, 
is utilized by positioning a fastener 138 on a first fracture side 
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392 so that a bone plate secured at the apex 194 by the fastener 
will span the fracture 390 following reduction of the fracture 
390, and then securing the fastener 138 to the first fracture 
side 392. The next step may be orienting the bone plate 100 so 
that the first surface 130 is distal to the bone surface 400, and 
then sliding the apron 152 under the fastener 138 so that the 
apron 152 receives and engages the fastener 138. The method 
may proceed, if necessary, by tightening the fastener 138 so 
that the fastener 138 engages the apron 152. Embodiments of 
the bone plate 100 lacking an apron 152 would be fastened in 
ordinary ways as recognized by those skilled in the art. 
The method continues by mounting a reduction wire mount 

140 to the second fracture side 394 of the fracture 390. The 
reduction wire mount 140 should be properly aligned with 
respect to the bone plate 100. The reduction wire mount 140 
should be located so that the reduction wire 136 will be 
substantially perpendicular to the fracture 390 when the 
reduction wire 136 is received by the channel 134 and 
received by the reduction wire mount 140. 

Then, the method may continue by fastening a reduction 
wire 136 to the reduction wire mount 140 and receiving the 
reduction wire 136 in the channel 134. The bone plate 100, 
reduction wire 136, and reduction wire mount 140 should be 
oriented so that a force applied to the reduction wire 136 will 
draw the bone plate toward the reduction wire mount 140, 
and, hence, reduce the fracture 390. 
The next step may be reducing the fracture 390 by drawing 

the first fracture side 392 and the second fracture side 394 of 
the fracture 390 together by applying tension to the tension 
wire. Tension is applied to the reduction wire 136 typically by 
a surgeon 410 pulling on the reduction wire 136 

Flexing the first arm 178 in the direction perpendicular 199 
to the plane 197 such that the second end 182 is biased against 
the bone surface 400, and then securing the second end 182 to 
the bone surface 400 may be the next steps in the method. The 
method may continue by flexing the second end 192 of the 
second arm 188 in the perpendicular direction 199 to the 
plane 197 such that the second end 192 is biased against the 
bone surface 400, and then securing the second end 192 to the 
bone surface 400, thereby fixating the fracture 390. Remov 
ing the tension wire 136 and removing the tension wire mount 
140 may also be included in the method following fixating the 
fracture 390. 
The foregoing discussion discloses and describes merely 

exemplary embodiments of the present invention, and the 
dimensions and material properties cited in the foregoing 
discussion are for exemplary purposes only. It should be 
understood that no limitation of the scope of the invention is 
intended thereby. Upon review of the specification, one 
skilled in the art will readily recognize from Such discussion, 
and from the accompanying drawings and claims, that various 
changes, modifications and variations can be made therein 
without departing from the spirit and scope of the inventions 
as defined in the following claims. 

We claim: 
1. An apparatus for the fixation of a bone fracture, com 

prising: 
a bone plate including a first arm and a secondarm, wherein 

the bone plate defines a plane and a perpendicular to the 
plane, the first arm having a first end and a second end; 

the first and second arms each having one or more thick 
regions and one or more thin regions, the one or more 
thick regions and the one or more thin regions disposed 
about the respective arm so that the respective arm may 
flex in situ to conform to a bone surface; 
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the second arm secured by a first end to the first end of the 
first arm to provide the bone plate with a V-shaped struc 
ture; 

the bone plate further configured so as to have sufficient 
stiffness in the plane to Support the bone in the plane and 5 
to resist out of plane rotation, wherein the thin regions of 
the first arm are located closer to the second end than the 
first end; and 

an apron located at where the first end of the second arm is 
secured to the first end of the first arm, wherein the apron 10 
is configured to be slidably received under a fastener and 
held by the fastener when the fastener is tightened to 
engage the apron. 

2. The apparatus of claim 1, further comprising a channel, 
the channel configured to slidably receive a reduction wire. 15 

3. The apparatus of claim 2, 
wherein the bone plate defines a first surface, the first 

Surface being distal to a bone surface and configured to 
be biased against the bone Surface, 

the bone plate defines a second Surface, the second Surface 20 
being proximal to the bone Surface, and 

the channel is positioned between at least a portion of the 
first Surface and the second Surface. 

4. The apparatus of claim 3, wherein the channel is at least 
partially internally disposed between the first and second 25 
Surfaces. 


